The objective of the present study was to investigate the efficiency of chitosan as an adsorbent for the treatment of wastewater from the egg processing industry. Parameters affecting the effluent treatment process, such as pH, chitosan dosage, settling time and initial chemical oxygen demand (COD) on the reduction percentage of turbidity, COD and biochemical oxygen demand (BOD) were studied. The optimum conditions were found to be pH 4, chitosan dosage of 1.1 g L -1 and a settling time of 40 min. The maximum reduction percentage of turbidity, COD and BOD were found to be 94, 88 and 83 %, respectively. The effective adsorption process was confirmed by FT-IR spectral analysis. The experimental data were analyzed by different isotherm and kinetic models. The Langmuir isotherm type I model satisfactorily described the adsorption mechanism. The rate of COD reduction followed a pseudo-firstorder kinetic model. A four factor, three levels Box-Behnken response surface design was employed to develop second order polynomial mathematical models from the experimental data.
INTRODUCTION
Water is a scarce resource of the world and only 0.03 % is available for human activities. 1 Domestic and industrial sources have made the use of waters unwholesome and have produced great amounts of wastewater. The release of raw wastewater into the environment causes aesthetic problems and has a negative impact on environmental bodies and human living resources. A few decades, there were no stringent laws guiding environmental pollution and hence, many industries discharged untreated or inadequately treated wastewater into the environment. 2 Recently, pollution control boards made stringent regulation to adopt EGG EFFLUENT TREATMENT USING CHITOSAN 745 ogy (RSM) design that consists of a central point and the middle points of the edges of a cube circumscribed on a sphere, which is useful for developing and understanding the performance of complex systems. 30 
EXPERIMENTAL

Wastewater sample
Egg wastewater samples were collected from an egg processing industry located in Erode, Tamilnadu, India. The samples were stored at ≤5 °C in order to avoid changes in the physico-chemical characteristics of the effluent. Chitosan (fine white powder), hydrochloric acid (98.5 % of purity) and sodium hydroxide (98 % of purity) were obtained from Merck Chemicals, Chennai, Tamilnadu, India. The characteristics of effluent used in the present study are given in Table I . 
Experimental procedure
Conventional batch studies were performed with different dosages of chitosan (0.7-1.3 g L -1 ) in 100 mL of composite wastewater of pH values in the range 2-7. The pH of the effluent was measured and adjusted with 0.1M HCl or NaOH solutions. Then the samples were agitated (1 min at 100 rpm followed by 3 min at 40 rpm) in a combined incubator and shaker (GeNei TM OS-250, India) and then allowed to settled down. The clear supernatant effluent was centrifuged (Remi R-24 Centrifuge, India) and filtered through a 0.45 μm filters. The COD and BOD content of the filtered effluent were analyzed by the procedures suggested by the American Public Health Association (APHA) standard method of examination of water and wastewater. 31 The turbidity of samples was determined using a turbidity meter (Elico CL52D, India). All the adsorption experiments were performed in triplicate to check the reproducibility of the results. The value of q e was calculated using the following equation: 32
The value of q t was calculated using the following equation: 32
where, c 0 is initial COD concentration and c t is concentration of COD at time t, V is the volume of the wastewater sample (L), and w is the weight of the chitosan used (g 
where, c 0 and c e are the initial and after treatment concentrations, respectively, of COD or BOD, or the turbidity.
Fourier-transform infrared red (FT-IR) spectroscopic analysis
The FT-IR spectra of chitosan (raw and after adsorption process) were recorded on an FT-IR spectrometer (Instrument model RX 1 , India) in the range of 4000-400 cm -1 using potassium bromide (KBr) pellets.
Statistical analysis
Different statistical parameters such as standard absolute errors (SAE), 34 the Marquardt percent standard deviation (MPSD) and average relative error (ARE) 35 were used to analyze the various isotherms and kinetic models. The following equations were used to evaluate the different statistical parameters e,cal e,exp 1
e,exp e,cal e,exp 1 100
where, p is the number of parameters in the isotherm equation and n is the number of data points.
Box-Behnken (BBD) design
Response surface methodology (RSM) is an empirical statistical modeling technique employed for multiple regression analysis using quantitative data obtained from properly designed experiments to solve multivariate equations simultaneously. 36 In the present study, a three-level, four-factor BBD was employed to study the effect of process variables such as the initial COD concentration, pH, adsorbent dose and settling time on the reduction efficiency of turbidity, COD and BOD. The process variables were coded at three levels (low, middle and high, i.e., -1, 0 and +1, respectively) for statistical calculations and the design is given in Table II . The coding of the process variables were realized according to the following equation: 37
where x i is a dimensionless value of an independent variable; X i is the real value of an independent variable; X cp , is the real value of an independent variable at the center point and i ∇X is the step change of the real value of variable i, corresponding to a variation of a unit for the dimensionless value of the variable i. A total number of 29 experiments were performed in a randomized order. A second order polynomial model was used to fit the experimental data in order to develop mathematical models to represent the predicted experimental data using a statistical software package (Stat ease design expert 8.0.7.1). The generalized second order polynomial equation is given below: 37
where Y is the response; x i and x j are variables (i and j ranged from 1 to k); β 0 is the model intercept coefficient; β j , β jj and β ij are interaction coefficients of linear, quadratic and the second-order terms, respectively; k is the number of independent parameters (k = 4 in this study); and e i is the error. 
Effects of pH
The effects of different pH values in the range 2-7 on the reductions of turbidity, COD and BOD were examined. It was observed ( Fig. 1 ) that the reduction percentages of turbidity, COD and BOD all increased with increasing pH up to 4. In acidic pH, chitosan forms -NH 3 + groups that attract the negatively charged organic matter in the wastewater, 38 which increased the reduction percentage of turbidity, COD and BOD (88, 80 and 76 %, respectively). Above pH of 4, the positive charge on the chitosan surface decreased 39 and it became insoluble, 40 which negatively affected the treatment process and decreased the reduction percentage of turbidity, COD and BOD. 
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Effects of chitosan dosage
The effects of chitosan dosage on the treatment process were evaluated at different levels (0.7-1.3 g L -1 ). As shown in Fig. 2 , the reduction percentage of turbidity, COD and BOD increased with increasing chitosan dosage up to 1.1 g L -1 and the maximum percentage reductions were found to be: turbidity, 94 %; COD, 88 % and BOD, 83 %. This is mainly because higher dosages of chitosan increase the number of exchangeable reaction sites 41 available for an effective reduction process of organic matters in the effluent, which could increases the reduction percentage. Beyond a chitosan dosage of 1.1 g L -1 , no significant effect on the reduction percentage of turbidity, COD and BOD were observed. 
Effect of settling time
To study the effective settling time on the treatment process, studies were performed at different settling times in the range from 10-60 min. The bridging flocculation mechanism of chitosan enhances the compact nature and strength of flocs, 42 which could affect the treatment process significantly. The reduction percentage of turbidity, COD and BOD increased with settling time up to 40 min resulting in values of 94, 88 and 83 %, respectively (Fig. 3) . Thereafter, no significant changes were observed in the reduction percentage of turbidity, COD and BOD.
Effects of initial concentration
The effects of the initial concentration on the reduction percentage of turbidity, COD and BOD are shown in Fig. 4 , from which it was found that reduction percentages of turbidity were 96, 95 and 94 % for initial values of 306, 416 and 832 NTU, respectively (Fig. 4A) . Moreover, the COD reduction was found to be 91, 90 and 88 % for initial concentrations of 1574, 2786 and 4000 mg L -1 , respectively (Fig. 4B) and BOD reduction was found to be 85, 84 and 83 % for initial concentrations of 894, 1324 and 2185 mg L -1 , respectively (Fig. 4C) under treatment process conditions of pH 4 and a chitosan dosage of 1.1 g L - 1 . From the results, it was observed that longer settling times are required to enhance the reduction percentage of turbidity, COD and BOD when their values are higher. 43 
FT-IR analysis
FT-IR spectrophotometric measurements were used to study the mechanism of the treatment process and it is shown in Fig. 5 . Curve A shows that, the broad band at 3402 cm −1 (N-H stretching) and the peaks at 1604 and 1415 cm −1 (N-H bending vibration and N-H deformation) indicating the presence of -NH 2 groups on raw chitosan and the band at 1371 cm −1 exhibited the presence of O-H group. Both of these functional groups on raw chitosan can serve as reaction sites for the present treatment process. 44 From Fig. 5 , it was found that, transmittance shifted from 3402 cm −1 (curve A) to lower wave number 3287 cm −1 (curve B) shows the interaction between chitosan and organic matters and also disappearance of the peak at 1604 cm −1 (curve A) and the formation of a new peak at 1640 cm -1 (curve B) was related to consumption of -NH 2 groups. 45 It could be concluded that, both -NH 2 and -OH groups were involved in this treatment process.
Isotherms
In this study, various isotherm equations, i.e., the Langmuir (type I-IV), Freundlich, Tempkin, and Dubinin-Radushkevich (D-R) models 35 were used to describe the present treatment process. The isotherm parameters and statistical error values for the models are given in Table III (R L > 1). 46 In this study, the R L values ranged from 0 to 0.27, which indicate the Langmuir isotherm model can hardly describe the studied system. In the case of the Freundlich isotherm, the K F parameter (heterogeneity factor) can be used to indicate whether the process is linear (K F = 1) or whether a chemical process (K F < 1) or physical process (K F > 1) is favorable. The value of K F obtained in this study was 1.85, which indicates that a physical process was favorable for the studied system. In the Tempkin isotherm model, the positive value of the B T constant (16.84) showed that the studied system was exothermic in nature. From the 
Kinetics
Two kinetic models, i.e., pseudo-first-order and pseudo-second-order (type I-IV), were employed to evaluate the present study and the results are given in Table IV . From the Table IV, it could be seen that the q e values calculated using the pseudo-second-order kinetic models did not fit the experimental q e values as well as those calculated using the pseudo-first-order kinetic model. The statistical error analysis results also indicated that the pseudo-first-order kinetic model fitted well the obtained experimental data (Table IV) . From these results, it was confirmed that the present system followed pseudo-first-order kinetics. 
BBD analysis
The BBD consisted of 29 experimental runs with 5 center points and the experiments were performed according to the experimental design, and the results are listed in Table V . The statistical analysis was performed using Design Expert Statistical software package 8.0.7.1 (Stat Ease Inc., Minneapolis, USA). The adequacy of the models was justified by Pareto analysis of variance (ANOVA). 
Development of mathematical equation and validation
A second order polynomial equation (quadratic) with interaction terms was fitted to the experimental data obtained on the basis of BBD and the final equation obtained in terms of coded factors are given below: 
where, Y 1 , Y 2 and Y 3 are the predicted reduction percentages of the turbidity, COD and BOD, respectively, and X 1 , X 2 , X 3 and X 4 are the initial concentration, pH, adsorbent dose and settling time, respectively. The adequacy and fitness of the models were tested by analysis of the variance (ANOVA) and the results are listed in 
CONCLUSION
The present investigation revealed that chitosan could be used to reduce the turbidity, COD and BOD from the wastewater from the egg processing industry. Under the optimum conditions of pH 4, a chitosan dosage of 1.1 g L -1 and a settling time 40 min, the maximum reductions of turbidity, COD and BOD of 94, 88 and 83 %, respectively, were attained for initial values of 832 NTU, 4000 and 756 THIRUGNANASAMBANDHAM, SIVAKUMAR and PRAKASH MARAN 2185 mg L -1 , respectively. The effective adsorption process was confirmed by FT-IR spectroscopy. Various isotherm and kinetic models were fitted to the experimental COD reduction data. Among the various isotherm models, the Langmuir isotherm Type I described the process adequately. From the kinetic studies, it was found that, the reduction rate of COD followed the pseudo-first-order kinetic model. The developed mathematical models using BBD provided a very high degree of correlation with the experimental data and showed all the independent variables have a significant effect on the responses. Циљ ове студије је био да се испита ефикасност хитосана као адсорбента за третман отпадних вода из индустрије прераде јаја. Одређивани су параметри који утичу на про-цес адсорпције, као што су pH, доза адсорбента, време деловања и почетна концентр-ација хемијске потрошње кисеоника (BOD) на проценат умањења замућености, HPK и биохемијске потрошње кисеоника (COD). Нађено је да су оптимални услови pH 4; доза хитосана 1,1 g L -1 и време деловања 40 min. Максимално смањење замућености, BOD и COD били су 94, 88 и 83 %. Ефективни процес адсорпције био је потврђен FTIR спек-тралном анализом. Експериментални резлутати су били анализирани коришћењем различитих изотерми и кинетичких модела. Лангмирова (Langmuir) изотерма типа I на задовољавајући начин је описала адсорпциони механизам, а брзина опадања HPK пра-тила је кинетички модел псеудо-првог реда. На основу експерименталних података раз-вијени су математички модели са полиномима другог реда коришћењем методе Бокс--Бенкенове (Box-Behnken) повшине са три нивоа.
(Примљено 1. фебруара, ревидирано 14. маја, прихваћено 15. маја 2013)
